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(54) QUANTUM SEMICONDUCTOR DEVICE AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a quantum 
semiconductor device containing a quantum dot and 
showing a sharp energy spectrum corresponding to a 
quantum level. 

SOLUTION: A heteroepitaxial structure, with which a 
distortion system is formed on a substrate 1 , is 
repeatedly deposited on a substrate 1 pinching an 
intermediate layer 3a, and a bunch of quantum dots 3b, 
which are in alignment in a vertical direction, are formed. 
In that case, the thickness of the intermediate layer 3a 
is formed substantially smaller than the Bohr radius in 
such a manner that a single quantum dot 3b is vertically 
formed by quantum- mechanically coupling of the 
above-mentioned bunch of aligned quantum dots 3b. 
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A£ «J ft « . Sl»<cttQ iIl,ftJs3 tiA:ttlk«C»Mfl 

4 ; tCl&fcSn. 18329 KD^frT-JEIBti 

tc*} o r s*x tsar * « 2 ©^i*ea «* o ft o . 

ft * gt&MM®)* $ lC*!gffJK3? U t >ft 3 4»S 10 

mt&fs^^mmo^ * K *» » r , & * ©a?- k » h 
it. m*? *4>raa*«><(*«tf is?- k» ht. ms* 

is?iais*to*H«M>ft iat*yr©Boi)r #»«r 

y h #B ftM l/fcttAfcll? &iS3 J: 0 t>«gWtC-'h 
<*<,>JI3 £WT * C <£ «r4*«<t"r*2S## ! ffiiWMt* 20 

[|g*^3] IUatMkCE>STK»h<E«vtt. *±(D 

jg i * & I* 2 f2$<*>S^#^#j&e. 

[ Uttf 5 ] KSa&ifcC-af K ? h <Cft •* I n A s 
J: 0 a ♦) . mBttft«><ti|WR0>& •» v*G a A s J: 0 ft 
0 . H£fl^<MMB«>& *W3n mt<T, > n nifc'.± 30 

[ 1S*S 7 3 8?32»g»«>Sf F if h Oft * i* I n A s 
J: 0 ft *) , msa&&e>$mfao>& 1 1* I n P J: 0 St «J , 
mBttft©*Hiw>ft . e n nctrevs *wr 

C«t<DB?4U0fUfeK. 40 

[ unm 8 ] m&m<o<gft k •» h <#& 1 1* a i s 

b . InSb. GsSbJ; 0jgt*n. ffiffi%&«94>(8US 

<j>& * itG a a s j: »j «t 9 . miz&%«c-$mm<D& * \t 
s. 

[ 9 ] inaiKiroB?- f ? kps t i*G a i n 

5 b <fc « » . 8?32tg*l<C>4'R3/S©& * i*G a S b J: ♦) 
ft 0 . f5l2&&<D#i8Jfi<Z>& •* it* ft* JS^fc'.T«C«$ 
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flg*^ 10] Me2tg&<£S* K v I nP 

J: 9 ft »J , SilajS»(D(T'raa<0# i«InCaPJ:Ott 

*Ci*'»ilt4'<*4M*gi 1 -4 ^T^*— 

ga^af^^f*^s. 

[ ib*« 1 1 3 g3satS®(C'*reasc> s *» tc fev , «- 

."S3 nfe^l 1 <C- ^ 9 s K»<t ; 1 © J> 9 f KH± 

+ + '.»T4fJiai§f4)lK:; i iXf l o>W&t ; B^rsaav 
2«-^^ ? FJR±CCJgJ!!t3tv Wi» 2 9 » KJI« 

t*^ig«*irr -s^f i ©^^ms^.*: oft*:, sc ^tca 

IV BJia.^ 1 ©»**I64 JiPft *ST2 <Dt§+«i4 

2 <D*i»f4*S@ J: U ft 9 . ft i R&t>mJB0f* S 
|®W(C«F0<.»a3*W7"4tS»«>ft-F F * h 4€^r 

«f*slS^Si{<:s*ft^rs!w:, ^sefuc^iv. 
««*«#SSSJ:*)ft-ici4ftSftiT4*«*?S^ 

e. 

[M*ir i 3 ) psa»58!<sDtf»(Si®C'S ^ t*. HUiaa^ 

[ ig#» 1 4 3 BHatUtKOS?- F » h «>ft 1 4*. fiJL 
©If F 3 r «tl4tgKH*ittt/rt»-6C4*-#^<t 
1 2 1 3I3$S«:-afi|UB!f*»R, 

C IS*^ 1 5 J R&HMWft i « . 35«tW: ¥fift 
iSffl&Wr-SCii^aSir^SJS^l 2-1 4©^ 
ft. o?n^9UBt^?**fttHE. 

[ tt*« 1 6 ] B3S2fel$!«a-? L F » KDft i « I n A 
$ <fc 0 ft 0 . 85ji?ig«o>4'KJs«>ft *i*GaAs«);ti ft 
♦>. M£SEtt«}'MJI«>&«l<3noi&(T. lnmfiLh 



J 

I 18*9 1 7 J B5ga&£c-*ea,l<£ ffi 2 •- 3 
n (M C-ttSOJf 5 •SrWT 4Ci &#$<LT &Sft*i.i 1 6 
SB^a^-^ftSiSt. 

s J: 0 ft *> , mlsmi<D*r&mv> ! & * it I n P J: 0 ft 
Wf aC£^ilSiir&iB*9l 2-1 5<*>^*>. 

mtiag 1 9 ) wmmc<o&* r ■> hos- •* &a i s 10 

I). InSD. GaSDJ.03Si*n. 85iaiS«€-*ISl@ 
* t*C a A s J: 0 ft "? . M2ffift9<fiira<C>& 1 t* 

a . 7 n m&r®* s t & c t t r -&ib*9 

1 2 - 1 5 <Z>5 *>. (,'T*a^ail*9 1 ta$S<oe^ 

(15*^2 o j msimstv&^r &G a i 

n S b 0 ft 9 . |!Jia*g&<2?«figS«>& t itO a S b J: 
♦J ft 0 . B?J2lg&<?>4>liH!g«'# •» (*4 ^HWI^tiTO)? 
3£Sf£C££4$l{fc£-r*3**9l 2-l5«95fc, 
t,>Tft*>-9ia^a^4^ffc£{£. 20 
[18*92 1 ) !?ga$g&«>S^ K * K*>£ •»« I n P 
J: «3 ft 0 , S&i3$&<0«K*SO# 1 4* I n G a P <fc 0 ft 

o : a?ia*ifec-*ffiasos « it 5' n m UTOff* £ 
-rai2tS<»a**«<fcisg. 

[18*922) m$tim<o<j>m®<o&>iK.i6<,>x x ■& 

y \-£Ta-HkLS\.'i,C£Z:G®£*ri > $miMl 2- 

[ 18*9 2 3) a-? k Hftji^s^a^^f^ag 30 

( a ) 83aa^*S«tv:#t,-e£^ 
( b ) S&J34W«1K±<<:, 0138* K ? I- £jS ^ J: 

WBXfi < c ) -C4Mt8tVfc*?F* 

iaXfl (c> fcWlS(d) JSOiSU 
^SnUiSXlI < I) ) fe£0X« <d > tCtot'-C. S5SE 

[|g*92 4 ) lilSaxfl < I) ) fe^C) 5 ( d > «:*S^ 50 
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[|g*92 5 ) BlSa^ F ji h <DS * It I n A S J: 0 
tf 9 . b5I2*K)1<DS <* G a A 6 «fc 9 ?jr »J . 

S i it 3 n m li'T. 1 n m&±<OS&<OMS Z fCt 

i> c t -rm&m 2 3 * tat 2 4 ssss©*-?-* 

[18*92 6) 85l2*fflg<D.&'/«. 3?2-3nm«> 

$ * w-r ^ c i * tmt 1 1 z> s*9 2 5 lasso 

[18*927) guiaa^-Fi' f-o?&*i*! nAsiO 

«r 0 . B5is«(aa<Ds ** 1 n p j: o a » . w^'mso 

Sii T 2 3 * fet* 2 4 ia$s«-a^#«f*^e€) 

[18*92 8 ) WSaa* K » S ^ J*A 1 S b , I 
nSb, GaSbJ:*J3S**n. l5eE4«raH<DS*«Ga 
A ft J: Oft Q. Hiiia4»taiS«'S'»ii8. 7nmlUT<0J¥ 
^ =£^^> C 4 =£^4T •5S$*92 3 S tc\*Z AsiU 
0>a+^i»(*:«gfl>3^*S. 

[18*929) Siliaa* K» KDS^JtGa I u Sb 

*9«o, gJia^feiaos^itGaSb^oftf). Bsa 

h.i^mt^h 18*9 2 3 * fe I* 2 4 i2$S€>a^*«(* 

[18*93 0 ) jaiaa* P » 1 n Pi:0ft 

0 . PSa4>iaiS6?S f I* I n G a P i\ 0 ft *J , ft«fa«giS!t 
WpWBO&*it!> n inWT^?$*Wf ^Ci^4^ 
if *SS*92 3*&i*2 4sBvH0>&**m&®W<»M: 

[18*93 1 ) 3 «iiaiS»©+iaS«>S^tC© 

o*ntf *a+K? \- tr a j it? zmmztMiStt 

[18*93 2 ) Biiiaxa < c > ( d ) 4*2 - 1 

o ®<o*m v® ty jg s n-s c i t? zswm 2 3 
[ 0 00 1 1 
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r •s^TTi*. * + y r«!>»«tt«A?tt»a>»ft**) <> 

■it- Y*tt$W#$mXC*M l/fc«8£. •' «* 
^a*«-3fc«8^J: 0 ^4i<W*3!(,»Sil»A^ ? 

SfcU-^'/.Y*- F*?©«}K3£ : y-ri*£jfc& 

ft#ig.>* y T^triStSTtcfei-'-c, * * y 7©* 

i o o o 2 ] * * y 7<z>m oag* $ at«>fc io 
a?«NMti&ct*, * * v r © 2 acswft m o&ttoxt 
*. «a»A«s»iM!>T*r*«*:a* «t SKSWtr 

**:«>. * * 'J ? p;M*3 £«0K ft 

* » U TOtnOil&i 3 6Kjtt*fcftSAft F 

9 h »ifit?i*. * + y t© 3 %7cnft n oi&tt©ttJft. 
<*sU5fi«i«s«e«j»cftti. cniOrV. ♦♦yr©** 
. | L-=rx^i' hh*, sa^p i, -c 

■Ci*. &*>££^©J8^&#???£T*<fc * ftttlfcc* 

aEaKto^»-ci**tciiiv»ajiitx*«> fa«**c 4# 

"C# •So W^W Fs l-1tBtRHET«>J:4 
ft^«JM»j Tfc^WiS-r** Kfc^C, * * y 7<T>i- 

&>ni'£i}l>Xi> ftftlCSK. A * * <•« f r **i|t 6tt 

[ 0 00 3}* fc, F » h **** 

MfMW h a* » »M9. s^JS*w>ftW"#4>l#fe 

4VCt>&« 30 
[0 00 4] 

[ft*©**®] t*&, fi^#P«Htt*. MBE£ft*l» 
WMO V P Ea€«-5r-«©/< y 7«©H(C#»»Cf9 
t*a*#J3JS£ftfi:S«-St4(Cj:0. ttCM9«J|(C.- 

t»*Mww*a^^a±i,rj«ft*«*#$. 

ti 1 %7iAT#PWt*«?tr- ^ y v 7 < wc J: 

[ 0 0 0 s ] * c r\ f ? r tefeicn >-c4> . c© 

*C £#**.6h«j», &-*48lK3Kffi©g:2©§8a«* 
HIB'C**), */cd>*^S+F ? I- 9 r fiiCfcl»'C«*7cX 
<MRS*£0*T< . f?ffi«fcW&m©a*ft£(b!>s 

vo^*-^?****:**. Jnxtefl^a^F? r 
^©#»wft*aw^w*>:hfti,». 

[ 0 0 0 6 ] Ct»tC#k/. InAs/GaA s55©a* 
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V + >l-.fS^©WR9lCtaJRT •& S - K ( Stranoki 
-Krastancw) * - FaMfe* WBf h C i -tc J: »3 . S1S± 

tctB2»caiaufcs©«j-ca^- f » h«j&«riMi-&c 
±«. !na*y.o. 5 ii^©ts^»*^ s<nte2> 

i nGaA$i«^i. MB E*«: J: "itS-TiC 
4<c^:0. fifl*!3 0~4 0nm©l nGaAs©^ 
Ga AcS1S±^^$n-S.Ci^$g^$nr(,»-5 {u 
cnard. t>.. etal., Appl. Phvs, Lett. 63. pp.3203 - 
3205. 1593). *&. ALE&Zfc^X&mnS-Z 

0 ft ffl1§ec© I in G a A s ©&£, G a A o fi«±cc, 

1 0 0 n mfflr<m®VWf&X& z>c tttm&z tiXU 

& (WUKai, K. , et al., Jpn. J. .Appl. Fhys., 33, pp. 
L1710- L1712. 1994). <*£<<:. MOVPE^tCi:-> 

r t . ismft F a f- * /U^r * 5ci nn^nxi, - 

•& (Oshinwo, J., et al., Appl, Fhys. Lew. 65, (l 
1), pp.1421 - 1423 <1994) . 
[ 0 0 0 7 ] OitW -f ^^ittc 

4*^tc^j3sn*fe«e>. }.(E3fe©a+H 9 ^^ss©^fi!!; 

icik^Xit&Mm&X-ib *> . * &«-r f - a. y v y ? 

V < 3?CC J: Jf-i V ftfttj: ^i>i.iXi>ti^<C'X . 

nfcfii 1 f 9 ^ a -b ^ {<: jt o 

•&Cit>ftt'. *»*>'Sa-T- F 9 HC^l/"Ci*7* 
4vfe>X{PL) *>*H?fe'3m:feO. 1. 2eVftiSr 
K.iH,>X, *>ft OJa*^^PL v-*-jm.oz><D-jm2& 
£tlXti*i> (Leonard, D. , et al . , op clt.) . 
[0008] 

-F*«-?feai L F9 h-C«, ^tC^^L,fc«fc9tC, 
PL^JStt*ttl*Bm '«>©©. -C-©^^i» h^fg« 
{ F WHM : Full Width at Half Maxlwum) ^SSffStC 
It8 0 - 1 0 0 m e Vfg#©#igu:jBz:#-, ft/* 9»fllS 

t;-s.^, c jniia^ f 9 h ©*s s©*iijai^+s-ti: 
■c-^ct'ftt^ca^-c^ii^^^ti-J. *-*^a 
F 9 h © P L m&lt I. 1 u mS«-C A 0 . Ttiiia A 
•&<, i^jtW^MSB-C- fls-W(CfiEt>n-C (, 1 . 3 tx m# 
©&££ « <>IS»*fllJ«'rn'Cl^*s. SE3£©S - K * 
- F©a* F h rii, P Lf^^uZ-StcfStvcaSrsf 

^C4^@ltC*-7fe. SttiiM^TSJloK:. a^F 
>-K'MS@ (*J*«f»iS(««:*lJia)T S C 4 
<*SfltMT-SC4^-C*-5>^. (0 t ©a+- F 9 h'C^*S 
<C&>ft »J ©«6 -0**^0 ^©iiifiti <E>nftl>, 

a+ F9 ^©^^rs©^^:6-7^^*s 1 fla^p i-boxt 

>*0«:ttO<''*,» , C<r'<> «>©<£**. &n*. *Ai. 
tt*«a?F9 ftjlfc(CH9UftV>B?P? 

h *>ft ♦) n-CL >44. «^ ^>n* . 

[0 00 9] ftjfitCft-s'C. Farad {6 (Farad. S. et 
al.. Appl. Fhvs. Lett. 68(7). pp.991 - 993. Februa 
rv 12, i996)v*. i n P^»±MS^S-S-L,-C«6S$n 
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fcA 1 I n As^i-^TSJb© i nAs£9fr£$-K 
*- h'ST- H ■? htOi^T . 1 . 5 m ffif<t>P Li6&*r 

i> h A4>F WHMi* 1 1 0 ffl e V«±*«? , ®* CPS* 

[ 0 0 1 0 1 C«D<fc ^ K. i$5fe©S - K-=e— K 
7 h'Cit, I5ffi±s|ltt 1 . 3 u ft«**l*ii 1 . 5 iJ 

fc. RHE T0>«fc 9 tr«-f muctoc*^ fc«3HSaWIBA« 

f*b*. kjiw>$-k*~ Ferrer? 

h SCO* 9ttR H E T«D#Wl h >**'<9 TL bX& 
*tK*S-*i:<k*«tM9BM4T4. DJUt 

twi merm. s - k *~ j: 9 o * tr * * t> * .-u 

<Mlwctei»-c . ^Sft-sa^tRfafcii i ©a* k ? 
i- ©** $ tttibstKiwe'c* ie^-^t^ss. *$ * 

to o 1 2 ] *?mo>i&onmt, xtHcjrattHwc 
tt&is. <&#4br^s©**;u*©£iwa*ig<a& 

*. 

10 0 13] 30 
*. tt&ffl«:iaRt/fcJ:9«:. £«ftll«4. 8332^ 

frsa^wtisaetcfc^-c, n£S74§&u: : m 1 © 
tm»«ir***i^*fttMiJ:9«f9. Excess 
92Uf*JSSftfctSiR©4JfflS4 ; &*©4»W»«t»tCIB 

A3 tv Usui i 4 itpia £33 2 ott^ctk 

two. new i ©*«f*uai«:»o-c*»**»jiw 
2 ©^fttfcsj: 9 a o . # * niB4>pga«>« $ k 

^»WfC^O(,»*$ tWt ftttftOT? K ^ I- £ =£3 40 
^. 8fI2«giK©4»HWS©& * <c *J I- »*c . a * OS* K 7 
I- « . m$* * +W JS #©*}l£y ^S+K^i. 1533 

32»&©*iiaj»©« f it* ♦ y t©b o h r wxf© 

#*SHfcJ:9. *&I«jl*flJ2<caa*tb&J:^«:. S?52 

aattWIT&ft * J: 9 ^S^C-'M <* «M"&C 
4 4^ * B&f I KM0>a^^«fMIWC <fc9. 
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s 

4 etttt 4 y * 1 $ fctt 2 £*®ft?*«ftttB 
TT -Si&fcJi ! - 3 o *> * . k ^n^-rais«soa*^« 

* t*3 n aOT. 1 n mW±OSSO®S *iW i 
C b £ 4 T £SfcfcJS 1 - 4 fl> *> *> . t 3»S2 

S3j©a**i»(*aecc j: 9 . * & e tciafci, & 

*^<<:, WI3tK|M>it)|W««'»it. ^2-3aaiO-JS 

a® * s t wf * c 4 «it »4 r *>sa?m. 5 is^^a* 

^?f*#.S(C^: 9 . * fc<Ufeft4l7 KIBKLrfc* 5 tc. 
fliattttOK^F? t-<D&«» I nAsJ:9«9- B322 
MM>4<U4C>S •» I* i ft P <t 9 «f 9 . mamfe<94>RB 
M<0& 1 i*7 - 6 n mJKT©«$ r-S C 4 4 

#«B«CJ:9. S ft: t*aiS>RJB 8 (C32^t l>tc£"jK.. me& 
fe%L<Q&*\r ? bO^^itA I S I). InSb. GaS 
I) <*: 9iSii:n. Bil2?giit©<Wffl®<9S * (*G a A t J: 0 
U 9 . WSH»jS©*B«H<iD & *» Ji 8 . 7 n m«T«W $ 
«rHr4C4*4*8i4y-Si^Jgl^4fl!>9fe. <.»yn 
1 IStWDB^UVfMIKK * 9 . * /c»*IB*^ 

a I n S b J: 9 « 9 . S«i2j«*l<7>*f4a<D# iteGaS 
t) J: 9*9, WiatMMtf' WB0>* * ** 4 ^fS^T 
oil § * wy * c 4 t49ia 4"T <S>S#*J[| 1 - 4 © 5 . 

<, *r«x»^ms«0!>a^«i««K(c * 9 , a *w*s#* 
9 1 0 «csa«ofcj: ^ tc. nsaaiiuoa?- k h<z># 1 

it I nPJ:9*9. BTIS^^SiO^ffiiaoS- 1 it I oG'a 
P <£ 9 «r 9 , m£im<b<£Nmv>&>i tt5 n mCtTOJV 
*4»y*C4*4»f»4f &tt&qri -4<D^*>. 

n*»-j|Maiw>a**«f*iMiK: j: 9 . a fcitis*^ 1 
r. iie»F? n*. m#f*4>»H*<D*tj&r«> 

fi-T-F? h 4rn^fki/"C(,»&c:4«:4S!Jt4f 4»*3B 

1 - 1 o©5*>. ^rn*— 3S32$sc-a^«f*^g(c 

<t9. a&itSB5»»l 2<CK$35t/fc^^tC > 
4 ; WI2*!W*StS±«:»isSSn&» I (f>t> 9 # KS 
4 ; 85S2M 1C!?^7 ^ F«±'(C«JA3n. S^wS^S 
CfiS14J84 ;8WffiS11SJ:«:^Sit$n/c»2fl>?^-? K 
H4 ; rosa*Wf*»1S±K:nJJiasn. I5§2S 1 5 
FVt^-l/TlP 1 fl*»«B©+ 9 r tusattmca- 
1 ©S804 ; mz#2 0>t>* f hS±lzm!&2 

n. Biii2» 2«»??fit^ t/ r m 2 c»s«s©4= 

U 7 *jSJ2«li»KiiAy &»2 «MSS4 J: 9 <t 2>m* 
»"C. ReKHIi&fit : W82^S(*il« 
4t8*S^y&* 1 ©fe^Mtwr^B 1 ©*^**3it 
^ch 9 «f 9 , El XCK9 iB $ mcSSBl©4» W8 
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tc*i X^X^-^^m <5>^2 ©£35f*fS.§J: 0 St 9 , 

s * '^smm(TM <* tc^igfl'-«c^ o v $ 4w 

«©a^ K? H 4 43r^. H?ia$git©<J>BS1Jg©£ * C£ fc 

K ? ti. f5Sa4^f*S1£©ia5<c£fi.*j:#rai 
to. AiffHclENu mzlfl*04iiwi<»&'i«*#t9 

T©B o h r*iI»v.»T€>m3(c:)?S?:l^$nc*5«J . 
g5faSUfcJ:«p2©£??F@t;t. (,»-rn4>8uK*JS1 10 

&©4>Ba@©S * »*. 13123* F >• h #B *fl» 0fc» 

a« s * «» fc-Knawc* s v * tirr * c t 

» KZ>»* I*. (£±©3* F v Y 4*»«l*«*l/'Cl»& 
C4*4jftt4r*ai*3f 1 2*fciil 3iaw©£^« 
IWfflNcJ:*. SfclttftJfcM.l 5<eefti<fcJ:9«:, P 20 

tetpfflmosnz, *jmw*4attJL£9*irrftc 4 

•Sr^iai-T &iS*f 12-14©^. l'f4l*>-JSiE 
«©a*4u»fcll»«:J:9. *felitt)K*i eK&tti/ 
fc<* -5 K. MatMt©S? F » h ©& * J* ! n A s J: 9 
*c9. f?fa&&©4nfflJI©S^{*Ga As -*9#9. S§5 
Sa»»fl>*fi8!S©S ? it 3 ft mfelT. l n mSLfccMUi 

ommrticttimtriMinmiz^ 1 5©^ 

1**JJI 1 7 (CBfel/fc J: 5 RStf SM>4>Pm<C>S- ■» 
I*. $*>2 -3ftm©«H©»34WT*C4*4*i»4-? 30 
&lg*>i i 6 tatt^MUKMHEK J: 9 . Jtfcttlfl* 
js i 8 (cia$s tfcct o tc. Bsaasaca-?- k ? h ©& *» 

It I ft A 5 J: 9 ft 0 , Ma$&©*f4»l©« 'SlnP 
J:*>«t*>. pSalSia©*^©^'***?. enmf.T© 
tW^C t&4t»4^4Sft*« 12-15©^ 

5**3? 1 9 KlZfel/fcJ:9tt:. BTJatf^Ofi* F ? h© 
#*«AISb. I nSb. Ga Sb<£958t#tv m& 
»&©#HS©& * l*G a A s J: 9 tt 9 , l»ffi»gt0>* 
B8S©« 7nmtrF©J5S4¥r3".SC44*w& 40 
4 T *S*sJSS 1 2 - 1 5 © 5 , \, »rttf»m*gi i ia*5 
©S^&StM&gK J: 9 . *fcJ*S**W2 0 (CKftufc 
J: 5 K, fl&Mfeoa?- F *\Wk* i*G a i ft S I) X 
9 «c 9 , ff£Mft©<WMI©a- * t*G a S i> J: 9 rt 9 , 
S5fa&!s©«figis©# t «*4 »^-a»WT©»s t wr 
*c i^^i-rss*^ 12-15©^. ^-rtxip 
—W8mmfr%w&m!izjs. 9 . * tctnmm 2 1 «c 

SH&Uc J: ^iC . BSSa»S»©ft-?- F 5> h©S 1 i* I n P 
J: 9 ft 9 . PSa]<5*!t©*iaa©& *?«clnGaP«fc9«f 
9. IWWfca>4«IIJl«>**l*5nmWT©»S*1R' 50 
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4>c±&<!im£?i>tt&m 12-1 5©^fe, (.i-rn^ 

-WEtSW^T^NMMaittc <*9, $ fc«*S#*!!g 2 2 k. 
ffiftO&J:^^. g(FSaa»©*19®©S'»Hlfe«,^C < ft 

•» ©a^- f ? h «. w»t h <$mm4><D%fc? z> r 
v b tra -fib uri»*c i*«8ti-r^«*« l 2 - 

2 1©^fe» (,»T'4l3!>^— lilal8©a J 5 : -*«(*^g<<:J: 
9 . *fe{*s#*)(S2 3 icusbutcj: ^ic, F # H(t 
aft* at»«* *«MWttK)«SS*ftK: 1 r . 
<a> ^«f*S«i:u:. m&#m»1MgLK.to\sX&& . 

{ d > g!j-sa*35#*t£±<<: . S5iaa^ r ? t « sr * <t 
< c > B5aa4>r4S±tc. wsa^is^SiS^Mo-cs^ 

guiaxii < c > xxmstitcsfr f ? i-fcia^: ^tc, 

Saia ( c > te<i:V3M ( d > »i. a9igL/. JtSic^ 

fT^niiriaxs < i> ) fe<fcwx8 < d > tcfe^-c. sria 
*fa»©»s«. i^fiofei<s!Bc*?w*i9?2a^- f 
? h ©SfSJ: 9 i*awci»s < §ft«sn.5> C <L 4#& 
4 T « J^^(44lflK>Mfi^(C 9 . * fcttttfeJT 
24«fi*50fcJ: J >K ) 9513X^1 < b > feJ:0' < d > ic 
te«,i-c, tn&tyMflrtHSKWi*. 85iaa^-F v h©iS 
§ t' . ft^ ia«tS)S©^ S tc^g wk:^ u < ^ 4 c 

1 4#aS4f ^15^2 3 ia$S©a^ *«<*s!sS©SSjS 

a+Ff h©S*{*i nAsJ:9ftP9. lssaqJf^S©& 
f « G a A s <fc 9 tt 9 , 83i2«IS3S© S f It 3 ft o»l« 
T. 1 n in tH±©«a©« 3 * * C 4 44$® i-T •£> 
S#^«2 3 S?c4*2 4ffi»©a^*«f*^S©»S*ft 
IC£9. *fei*lS*^2 6tCJa$Sl^cJ: ; MC 1 SFla^Hfl 
@©S'?« > $«)2 -3 nm©*5S©/?84WT-5C44 

&®t?i>mm2 5sa^©a^**'(*#^©^ig^ 

tc^-9, *fci*lS*^2 7«<:ia$Sl^c<fc^cc > 6?iaa^ 
F f F©S *» I n A « <fc 9 4f 9 , Pfa^^S©^ *? i* 
! ft P J: 9 tt 9 . Bi2^©*fflS©& 1 1*7 . 6 n m 

fe»T©)53 4«-T -2. C 4 4158*4-$- *i830g 2 3 * 

2 4 iaSSwa* #«#&g©38&-£Sii: J: 9 . * *d*3j* 

^.b 2 8 tcjastb & J: ^« . i?iaa^ f >• h ©s * i*a 

I S b, InSb. GaS bJ:99t*tv i?ia4"Pd3S© 
S^i*GaAs^:9^9. 8SFia*fe1S©#'»(*8. 7n 
mtlTOf 84W3-&C444$«!i4-r-S5jt*^2 3 
Ji2 4 ia$S©a-r i £«tM£ig©i&i5#i£tc J: 9 . * fcl* 

sA*i^2 9 tcsa^t/fej: s> piaa^ f i- h ©s •? i* 

Ga I n S I) J: 9te 9 . B3l2t?»tS)@«>S'? tiGa S b Jk 
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9 « 0 . MIStS&<D«t§IS<SD§ t i*4 STJg WF<P)1 
$t«-5-4Ci?:^4-r *5teJS® £ 3 * t* 2 4 
<DS*^#£g«!>lSji#&iC J: 9 . $ fcl*SS*!B3 0 
(012^1/ J: •!>{<:. i5!S3* F 9 t-<Z>&v tt ! nPJcO 
<c 0 . W&&mmo>& -»«InGaPJ: 0 tt 0 . wsais 
&<Z>4'l§UIO& * it 5 n m t!T<Z»f 5 * -5> £ t £4$ 
&t"f 2 3 * fc«* £ 4 ia$8©£^Sf*£g<*> 

mmz 3-3 o^ <,^n*>-«j2*sos-?*i» 

J: JSSaXS < c > te£t>' < d ) v*2 ■» 1 OHOtt 
S-C^»jg$tl-l>C<S;&4Sigt£^-6!65}?^2 3~3 1© 

JWai*. . t»iPi> S - K * - F «-S^ F 9 h 

S3 nfcS^ F » 1 1&£±«:. meZZ* F 9 F 20 

*isai:tc$*>Ks - k*- Fra-f f 9 f 

JJB«Wi-?K? F#TJ§<Z>a+F ; 9 FiiClW 
<E>5^&£#fe.B.l/:fc (Sugiyawa,Y., et al., Jpn, 3, App 
1. R>V5. 35, Part 1, fto.2B, pp.365 - 369. Fehruar 
v, 1996). F? FOMBT**. TJS<E>a+F9 

f fcis&jA^^s^assaa^ f •>■ f tcMitri 

S*^SfS$nfcSi59-(C±S(Da^ F 9 F •Srt§fi£T£)i? 30 
[ 0 0 1 5 ] 13 1 1*> *^*S* F v bfim&tttcM 

t. laifc^-r&tc. @^o>fass^5i3«. Ga 

A s SIS 1 <*>( 1 0 0 > 3i±w:>¥<s 4 0 0 n nrcJfc'SS 
ftfcG aAs-'^7'fI£ ±ccs^3 ft, Bffffi/< *7t 
S 2 Jb«*») ig CiSS S*vteG a A s *B8JS 3a«S 
^ S'jo^crir^SS a*<r«, i nA$J:-&fr-2>j!tiSW> 
fi-f f v f 3 b^. tes^fSffcoriSfcisstttva. 

10 0 16] C<DJ; / >(CfCGaAS' 4 <7-7T®2±4C 40 

tc4<s«,»r I n A sH<?>*fjf*Vf JHB*fl»S5if*« 
jfctc*>«ll!l/&J:$fc, fiSS^fStcS -K* 
- FKJ: SliiAs (DS^sE^d^C . <-^>$§mS^ F 
5 h 3 I) «r1i^fr i n A s flXgW*^, ^7y 

S2c^atc»^$n^. 

[0017] B^lt&Ct*. S%KGa A s 4>ISS 3 
a*'-S3 t) J; ^<<:3 ?>icmm$n. S3 b<D© 50 
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JSfe <fca'«?>K« 3 a <DJf8WH ♦) ifi § n^>. ■& ^ 3 
I) « . i*2 0n at 5 n mW&VTS $ 

^iSlx, F¥* 9^<DA»t'4>niR3 arS*n«> 
C i« J: »J . t + y 7 *3 %7cff9(CR) U^^S^P F 9 

(0 0 18] ^<c. *>j5»4S^ F» 

ShCtVLX 0 . S^f F 9 F 3 b^S« 1 v>£.mc&& 

1., opcit.)o ctii*. jfe«ct8B«i/&J:^K:. *W 
ilSaW^fe. S^F? h3 b*?S^gp^(C(i. f§^ 
S^K^^S^SSt/Cfc*). ft-? -caf^/lS. ^F3 
@ii©Sf F » h 3 b *»«W*«. Ta©4>l9@ 3 
a<D^> fe. *v^-&TS<D£+ F •? h 3 b^JS^S^tc^ 
m>l£ i nA&®A1«sa5^C/^c«?>T?«b*<»:lSBS 

[0019] -77. ^-SSSa^wSTii, 

•y^: ^ k, a^ f ? ^ o>®.v$m®<om tt&c^-tt 
ttoxtf** f 9 1 3 1>**. i«rn*MB e^^:»j . 
[ 0 0 2 0 3 @2 *»j«*4k:, -*SBja>|^g^K 

?f«Co&^ (Suqivewa, Y, , et al., op otO (Cfe 
W^J:^tc. Buiatf"ffiJ®3 a<0«$d^ 1 OnntOtt 
l/ft:^, iX*K8»Ja*ft*a-?F-9 f-3!>«DS*^S 

^Cv*. fFia4>rai!a>®3d«:. @^S£g:l/fca+-Fy 

a* f ? h 3 b <&mi*$m<o5 mm* * tj*. jsbo^ 

S3 aflWf $ d€30fl mfH**-Ci9^^1ifcl6irCc: 
h. frfr&S.* F 9 t 3 b©&©*#*©B8M<*£(;ft 

[002 1)03 li:. jfca9»*TW©«MW 3 a ±<<:©.« 

* ft v 9 h 3 b <r>m tiLW&ihtc 0 <wm. %i>u 
a+F? ^^<i; > ss^i^isa^im^. 

F9 h<e«ii. 4»ft1S3a Jt(C#ti{6$^4. i nfc^O'A 

& «c-aA^-^ s*a $ n-c «. m * <o&.^ f ? t- 

fe. 03t£.1.6*>4«5iaji*. ®2a>KI^£ffi«S6 ! 3{2<f-7 

[ 0 0 2 2] 041*, $®m$ a «r 1 OJIflUlUA^' 
O. SJiS^a-? F 9 r 3 bfl>S<t . 4>B8fi 3 a <£)5<* 
£«C-M(S*^T. 04^BST4(C. ^KlJa3a«CJ¥S 

* 1 0 n m t LtiMiZ, F 9 h 3 bO«i<D»«^{*S 

T. S^?- F 9 h 3 b <39Si*4 5 n mifi < tciif S 
tc. CfttcMftbX. mSKinTi&kWKOl 0»gtC<B 
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tt4*?K? hff*«>* *BBB3a«>S3&l Omni 
l/fc»d«:fiHft(c ft &4>*£fe*>4« 
I0023J-*. H4J:0» *IW3«©*«t5n 
mttT, #K 3 a m&TKT4 £ , St K v b (D'&OQ 

*W».3a<Z»**5nmtiT\ ^3nmfclTC(.,/<: 

3na£nFtCf*«£. f»»*a^r4>. a?K?P3b 

[ 0 0 2 4] ObMMU*. m 1 (C**«B»P!M53 
ccM^r, *B»3a<?>»**3n«aWT<cS8BE'r&C 

o > rec-s^ k v> h 3 b ccfewo xmnz±m 

*H£. ^ISlS3a^>i?$^4 ; ^ , Jr©Boli r¥8 <G 

£>S+ K ? h 3 b + U TO^S^liia^S^ 
h3D4XClAU *fc*««**C % TS^S^. 
F v h 3 l> £_tS4>£^ F * h 3 I) 4^*cSff;frW* 

4* 

[ 0 0 2 5 3 3 a'<Z»*S «B i 0 n mi?*> 

H3A*CW*H5<CmrJ:*«:, «*F.*h« 

3 b iiJSOS* K y V 3 b «±w:i**Ht U* < 
ft4. H6S*. Bl 3 *«TT«iT EM 

feme, at*^or»*snt:c*4 0 *fc. ja^<D 

S:* P y h 3 b<Rfc& < tiftfkl/Ti^ftC' 

iifcjW*. 07 (A> - <D> Bl^Mf 
«ka3*cteC»-C. #B8a3a<£)5$<i£3nm£Ufci§ 

enemas. 3ss, 5as*>j:zn omm 

tc%f&$ntc&+ K * i 3 b0>A FM OH^WASS* 
Tft*>£. 07 <A> ^ (D) v*02tc 
J»$d*3nm^ia*t/fcW&K:»i6 , r4o 40 
[0027] 07 (A) ^ <D> WUW4K:.. 07 
( A ) 1 Sg^Si 1 F* h 3 b#, 07 < B> - 

( D > ccSW 3 BBKOVtipB?- K ? F 3 b J: 0 iteT^ 
«c/|»3 < , *fcefl>*<>3Mr^ St F? h 3 bVtfzit 

ztexvm&ic*. 3■B«>MG(naa^^£Xft^/ft 

[0 02 8] Cftttftl/. 08 <A> -(D) «. *■ 
■ 3a«»»8(l*10n(ail&«^ enetUB 
8. 3BB. 5B@fcJ:tfl OMBKnetitatUf-F 
? tZ\)V>AFU1$L&ifcr. ?Ut>*>. ®8 (A) - SO 
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<D>tt, a2<ctoc*tr. *Sd*i 0nm<cK£i/fe 
*&£{<:#i£f 4o 

[0029] 08 (A) - <D) J:Dlx^4J:9^ » 
axsn**? b«*» Sis. Wia>atT&A(c 

r08 (p> «mwi ovs*>*-6>b?-f? hlCtti, 

r. 08 (AJ^lllrtt, mMMtTK^I^^ 

■»3a*WCt:»***«ftl**«:*OJfe»&. 

[0030] 091*. *fflS3aO>il5^2nfti4:L/T 
fi* K? h 3 b«5JI8WOA:«d<C>flnft?tta3Q 
JWi^-S-KBTEM^*. *&B10» % «fdiS3a 
«>ip 5 3 n mi 1/ f fi H ; f h 3 b * 5 JB 9m 1/ fc « 
^•SliSfi^-«fi3 MNI»r KHT E M^&X'& 

1 0 0 3 1 ] <MM4>J*£ ^> SAaftU&JM 1 P 3f h 

It. '<|M4>IBft<C#VC. a^Kv h^OTU. IS$ 

cc. c«>J:^attiftrit. If K?n*, •c-os:±os 

[0 03 2] 139, 1 Ocfc'Jfr^cfc^K. ±a 
K >• Y 3 bit. m-r^Tacc^ K ? h 3 bic 

4* C<0<fc^«C*IHB3aaX*S«:3nm*4C* 

3 b «oLi^(c«ft(cB»r * c t \txt < , fsmm&&m 

K y h 3 I) MLtaa? K ^ h 3 D ilt^ic:^ 
j^r, ■(Cl-2IKiHl©*BB3ai^*aO*C<> 1 - 
a^44>BB3 a<D^ K ? h 3 b*«^»»«>*s 
Bttjfiii, F* b 3 bOtt4HCS(C^lSl/'C*0< 
!&»5n4o **4l*»«a«>St««>IS»* *r«S3a 

t*ajir«>«*#^«K:te»4j: j >ft?p--^t 

Ka«[*|flJ«:K5yi/fc— ii<DS-?- P ^ h 3 b \t. #t'J 

r*!*^ > w u r ^ii3&^4 p /u«Mtdi& < 

r . ^fl9K*-<^)»^ P h «r««r4^>«:'i*A 
t>i\Z>o *tc. C<OJ:^«t4«B3ac^«^®«l/ 
iS^Si 1 P * h 3 b tTmo&T ¥ v 

4, 

[oo33]0i n*, 01 (DflbBa?4iai3«:«ii' 

X. <pmm 3 a te£ O'Stfr P ^ h 3 b ^ 5 aiRg O 
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Mtc^x y ? ?Kr<D7* h^s*^-fe>A (PL) 

tt. F ? h 3 b ft 1 •Wl/fc»i©*»Ci» l P 
h Jl««l*tt < . * fc#&K «»i o r 9 , ® 
i<DZl+ F* F 3 ba^«*(£^*9«)«6^*tf*& 

[ 0 0 3 4 1 C ftccMl,. ^fells 3 a 4ai:a'S^ F ? t 
3b*5HTObfc«£*:% PL*"t»F*MEI** 

ht^o Chlt fR»Snfc»»CMtt*F> F3 b 

L/ xatofitcm-wtt F » h ft« 
flJtT*Ctft*SW&3W. 4*H3a<?«Sft2 0n«a 
^S^^enmfflfttcSSBet'fcW^. PL tr- *<£«!* 

[ 0 0 3 5 3 811% *«!B3 a<Z>S3 ft 3 n 
HB 3 a OJ? 5 £ . *ttST F ^ F 3 I) Wt*2 

♦3 . ±rric&motc&* f * f 3 bnE«Mb7««mt 

[0036] @1 2% 4»W«3aG>*3*3nm±l/ 
fc*B6<DPL*^2 K'Ui. «*F* F3 b4>BWft± 

GMffiftmr* b i 2 tpmm 3 a <c«s 

to«ffifeMKf7 F?£, cm*. SW*«0iEfC 

t k £ *) at * refrmectt* utcim<Dtt f * 

3 biz J: tym&Stiifi&tifiic*—®** ¥ ? F 

[00371 013% »ltc5W«WW-«H63«:te 
t^C . j£-?Fv> F3 bftS SfSiS t//c»^«c^^C, m 
£>ft*:P L tf- ^<D¥H4I ( F VHM ; Full width at 
HalfMaxinw) ft> <pffis3z<om$d<Z>m&l£L,XK 
?. Bl 3J:Qtoi^&J:9«: t PLfc-*<^f8«t*# 
HB 3 a ft 2 - 3 n mSfttc UfcHteic*'!*:* 
«t«ca»U0&j»-¥-F * F 3 bflfc#S<cj8*G>i* 

B3a<PJ£$ft3£ic?9< OX 1 nml!lfcK:r*.4, Sf 

[0036] tlJb<M**ft $ . 0 1 wi^TSUS 

ft-f«j63tc4d<r»r, *««3a<Wi3&»F?F3 
b©*Stc«K*o<tt4*^«:a»e , y*C4.*cj:o 1 fi 
a^tC^Jb/dS^?- F* F 3 b«!>A* 
t*. $ tcmnistcEL* ¥ ? F 3 blW:4K«»FA«Att 
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SK>*ftS4>H?F? h«KflW*Ct^t > **. 
[00391014 1*. Si 1 F ^ t- 3 bftJ|ftr*RM>. 
6*i*»^F ? F 3 b4>8£OMfcft*c 

^ b 1 4 ft#fis^^tc. inAsn*B? F ^ F 3 bO 
est*. aAtTSTJj^tcsiKWi^H^ipftw^ 

**>. SfccnKtf^r+WWiOB^F^ 

Tfcfcfe, F y h 3 b ft«£ 

10 3b<D***t**18lWM8P5tii?*4* 
[0040] 

(S?8^*fe^JfM] «T. *»BftK*oi*l«»c 
-X^C, HI 51*. *^^l.**fe 

«^<fc*»** r -/*--F2 0«>»«ft^ HI 5ft* 
AST ^tc, JME y-f * - F 2 0 % ( 1 0 0 > H^CBA 

A s 1 ±«cj»3awvc»4 0 0 - 5 0 0 n i»o«¥£ 

■^rg2 2K, «a«Ji<:i*3 0 0 n m<0MS 
20 ^nycn* aAlGaAs^)WT*i?7?h"123 
t . hmIB » ? ^ FH2 3 ±«JI»fflWW:tf 1 0 0 n 
$ K SnfcftSCaA&J:*)** TWWifflB 2 4 i 
ft£t?o a»«H2 4±t<:t*. glS^SgO- 

•**iW*# F-^C aAoH25*. 2 0 n nOV 

[004 1 ] §22-2$% MA«MBE^At\ 

6 2 0' ca>«ig»ai?»*sn^ «Bi/fc 

. H*-%cr>As«>(felttftl»<fca>, itsftfT^^^jess 
rt<50 A o Eft 6 x i (J-* T o r r Z><Dtifi *V* 0 

30 H2 5^«.«*n&a, Ga^flfeteftttftl/rSlRftK 
ftWittS 1 0* C*1?Tlf£o was 1 0* 

AftSSAl/, 3 • a <H^g#<P# F-^ i nAs »ft, 
■»BGaA$l»2 5±«HB«*&o ^«WC9I»«I 
*5%«Ci»3 0#«<^r---^ft?T5C4ccj:9. ifecc 
i>m%L>tc£5l£ y ifKASttfo I nA&% GaAoi 
2 5±«ctel^C. 8M92 0nm. JS3^5iin^ 

tes^ttn i/fc*««2 a b t«*r*o h i 4 #jr» 

[0 04 2] C«>J:^tcUX»iaac!>l nA^S2 6 
40 b^»M$nA:f^ B?riaGaA$®2 5±t£:% I 
nAs^26bftS^J:^i<:, J»S*2- 3 n F 
-^G aA^:0 «t*^r 1 SS^*PaB2 6 a ftJ^ST 
3^&JM«)Ck*. »«3^2^3 nttOGa AsS 
2 8a *ccafcWW2 0 n m. SSW2^ 3 n m<0 I n 
Asfi^ F ? h 2 6 b ^M^fcS'rflbiatfV 6n^„ 

fcl uAoA2 6bJ*SK»U *8*4«H2 6 a«>J» 

[ 0 0 4 31 3 6tC, WI8 I n A o»2 6 bOJBftAW 
50 aa4>IHH2 6a<)«R*n*t*4Bil0iBU InAa 
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S2 6 0 # JiTttSSW bfcSJJHS^ffiS 2 6^. 0 1 <D 
m*) '&uo>&m. fSSS-rlfiji2 6v*. £?2 0 a s&O)? 

[0044] C<Ev*^fr. *fe1S2 6d(0)5$^g&« 
^Gfci n A&S26 !>C'iS£ J: 0 fc'h£C^S£^t£ 
mz 6 -CMC, S^P F ? h 2 6 !> te, IS Aa^ttoS* F v 

V>t&£X i>. 3^ F y ^ 2 6 I) ifiiC'Sltojg^P F * h 10 
2 6b<t*«4£Ori,*$C±t«r<. ISilS^g?i£2 

6©sa#^*$6t#* n*. a-f f ? h 2 6 i> t 
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